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12 i s  ray intention i n  t’nis +Ser t o  explore the general considerations 
tha t  l ed  t o  the design concepts incoqorated into a. planetary spacecraft. 
The highly successful Mariner I1 spacecrc”; t r i l l  be the examzle. A br ie f  
description of B k i n e r  I1 will be presented with a summary of i t s  Venusian 
f l i g h t  history,  
a re  described and discussed. 

I n  conclusion, sox? of t’ce interest ing engineering r e su l t s  

%--e value of an a t t i t ude  stzbilLzeb s;?acecraft f o r  the exploration of 
sgace hss been demonstrated by the Maricer I1 which w a s  launched by t L e  
U E i t e C  States  towards the plane; Venus on August 27, 1962. 
cine d-ys l a t e r  t h e  spacecraft ?asseC Venus, scanned the planet and sped on; 
its dL,y performed. 

One hundred znd 

C u r i n g  i t s  l i f e t u e  Mariner I1 did the  fOllO17ing: 

1. 

2. 

3. 

4, 

5. 

6. 

7. 

It perTorned the first and nos t  dis tant  t ra jec tory-cor rec t iq  
mneuver i n  deep space, f i r i n g  a rocket m t o r  at the greatest  
distance from the E a r t h :  1,492,003 m i l e s  (September k ,  1962). 

The spacecraft transnitxed conti;lluously for four months, 
sending back to the E a r t h  s o x  93 million b i t s  of information 
while using only 3 wztts of + , r e m i t t e d  power. 

Useful telemetry measu-cmen-ls were made at another record 
distance from the Ear th :  53.9 million m i l e s  (January 3, 1963). 

Mariner I1 is  the only  spacecraft t o  operate i n  the  inmediate 
v i c in i ty  of another planet and return useful s c i en t i f i c  
ir2orzation t o  Earth: approximately 21,598 miles from Venus. 
(Decex&er 14, 1962). 

Idessurements vere made closest  t o  the  Sun: 
atrLy (December 27, 1962). 

65.3 mill ion miles 

i.r2c5.mrts comunicat io2 systex operated for the  lorgest  
continuous period i n  ic:erplznetary space: 
( A u g u s t  27, 1962 t o  Jae;:ay 3 ,  1963) 

129 days 

b h l n e r  achieved the lofigest continuous operation of a spacecraft 
a t t i tcde-s tabi l izat ion s y s t u  i n  space, and at a greater  d i s t a c c  
frcm the Earth than any 9revious spacecraft: 
( ~ u g u s t  27, 1962 to Jamizry 3, 1963), at 53.9 min ion  miles 
fram the Earth. 

129 c2.c.y~ 
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rc ther  than as a coordinated assemblage of  subsystems. 
Eecessary vhen the cost per p o n d  oI' spacecraft is  extremely high. 
simple planetary goals require sophisticated and advanced tec'mology of 
diverse disclplines.  
veight placed i n  o rb i t .  
caref'dl balance between the desire t o  exkract the inrucir;lun ;-ssult f r c z  Ishat 
i s  a trexendous technological e f fo r t  and the allowable weight. 

This i s  especially 
Even 

The implse  available se t s  an upper bound t o  the 
Tle selection o f  the mission is, therefore, a 

It i s  possible t o  design spacecraft t ha t  are a t t i t ude  f ree  or  p a r t i a l l y  
s tabi l ized and s t i l l  achieve some usefulness. 
(etti-c-- : f ree)  and the Pioneer IV (s9in s tabi l ized) .  
t i v e Q  short communication range. 
form o f  ba t te r ies .  

Examples a re  the Vangmrc, 
Vanguard had e r e k -  

Pioneer IV carried i t s  o m  2ower i n  t ~ e  

- ..a order t o  maintain coxrx?icatims independent 02 a t t i u d e ,  th;,. e x ~ m a  
yaTtern nust be omni-directional. (Eow does one go about achieving a Zruly 
cmi-Cirectional pattern?) 
gatt;ern l e t  us proceed. Our ground-bzsed s ta t ion  w i l l  be assumed t o  have a 
threshold of -156 dbm (decibels below one milliwatz) fo r  10 cps of data a d  
an ax.;enna gain of 42 db. For Venus range t h i s  requires 120 w a t t s  radiated 
from -an omni-directional antenna t o  exceed t h i s  threshold. 

Assuming that  we can produce an omni-directional 

.?cs-uiing a conversion efficiency of 10 per cent for  the solar  energy 
TO e k e t r i c i t y ,  a 60 per cent conversion efficiency zo achieve the proper 
vo1tr;e levels  over a large solar constant variation, and a 50 per cent 
o v e r - d l  transmitter eTficiency, we require 1.43 meters2 of the e f fec t ive  
surfzce a t  the Venusian range from the Sun. 

This requires a spherical surface of 5.75 meters2 o r  a Ciameter of 
1.35 L2eters completely covered with ce l l s .  
r s su5ng  emissivity of .9 would heat up t o  a temperature of 500°F at  V e m s .  
Xardly a suitable enviroment. 
perfectly.  Surely we would prefer a benevolent temperature of around 7O0F. 

A configuration such as t h i s  

This i s  t rue  i f  the sphere is  conducLing 

50 we desire s o ~ e  merns o l  keeping the heat from the solar c e l l s  out 
of th instrunentation ccnpzrtzmt. 
start; t o  satisf'y our requirements. 

The configuration shown i n  Figure 1 

-2- s l igh t  droop o f  the solzr panels would place the center of s o k r  
:;ressxre behind the center zf grzvity snO the systen would l i e  sta'ole 
cow~rcs t'ae Sun. 
20u lC ;chieve &misii?g. 
Soler ol-iented pover systens weigh about two pounds per r e ,Uced  watz. 
C3vicllaly an aaterx-2 ~ ~ ~ 3 1 ~  af directing the energy t o  earth would z l i ev la t e  
our weight problen. 
a x  i ts  associated control equi-pent i s  superior t o  a simpler ye t  hezvier 
s y s t a .  

This would require no act ive a t t i t ude  control i f  Gie 
We s t i l l  mus-c radiate  120 watts omni-directioiqally. 

The question i s  whether o r  not t h i s  direct ional  c:;xema * 
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Tne Xzri-xr II z t t i t ude  con-crol ~ y s s e n  weighed 53 pounds. Zowever, 
exclcc%:-_ -,~::zr, it requires addi t iorai  s u p o r t  f ro3  the r e s t  of the system 

%us the a t t i t ude  control 
2nd >";E 32 z l l sc2 t2?2 le  -.;2L&t of 55 937ZdS. Thc p;#-ar syszszi e= 22 rz ted  

&out -bvo pounds pel- watz of regulaxed Fower. 
systen is  the equivalent of 196 regulated o r  about 53 radiated w a t t s .  
Figure 2 i l l u s t r a t e s  how quickly weigh: is  saved with an a-ctitude control 
system. 

I n  acdition t o  the i n i t i e l  considerzble weight saving: 

1. It i s  recesszry t o  be looking a t  the planet during fly-by i n  
order t o  mke a d i rec t  observation. 

2. It i s  Eecessary t o  make a turn-axis manewer i n  order t o  comect 
Tx- both m i s s  distance and t ihe  of a r r iva l .  This requires 2 
knowledge of the i n i t i a l  a t t i t cde .  

3. Tine direct ional i ty  of cosmic phenomena i s  desired. Therefore, 
.;::e spacecraft a t t i tude  must be known. 

iT, -.-&se a requirements can be met by three-axis a t t i tx i -?  s tabi l izat ion.  

ZLysically we  were l imited t o  a 4-foot diameter antenna on Nariner 11 
and ra2L;ed 3 watts. 
Tnese rimhers a re  not precise but  shculd serve t o  i l l u s t r a t e  -:he point. 

This p-ovides our nargin i n  tne comdiication system. 

2 believe tkt it i s  sho1.m t h a t  for Venus, a t t i t ude  C O ~ ? ~ ~ G I  provides 
tl-eaeAous benefits .  
s;-ste.a i s  i n  equipneat t ha t  i s  independent of the range from the Earth o r  
t i n e  of f l i gh t .  The variable dependerit upon time of f l i g h t  and range a r e  
t2-e qcmt i ty  of g ~ s  carried and The sens i t iv i ty  of the ear th  seeker. 
i x r e i s i n g  the gzs capacity and the eerth seeker sens i t iv i ty  the range can 
3e iccrzased. 

The najor i ty  of the weigh% of the at t i tul le  control 

By 

1.2. Fomey i s  presenting a detailed description of the  Ylriner I1 
r-ctituae control system at  t h i s  meeting. 
subjecs and proceed t o  describe the over-all machine. 

I w i l l  therefore leave t h i s  

2 2  s y x e c r a f t  i s  an a t t i t cde  s tzbi l ized c ra f t  using the Sun ?.rd -- 
&rth  i;s rLerences.  Figure 1, 2 and 3. The Sun i s  a l so  ' l i s ~ - a s  the .L ia r  
source 02 gower through the use n f  so la r  ce l l s .  A reckarf;ezF,lz 'aztterj  
Ifurniskes -;awer whenever the paaels cannot be oriented tovards the Sun. 
Suc% 2kriods a re  during launch, i n i t i e l  Sun acquisit ion ar-6 nidcourse r s e c v e r .  

Tkz 3:grth reference i s  used t o  d i rec t  an RF bean back t o  the Ekrth i~ 
orde: t o  zchieve telemetry from the planet distances. 
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Coxmnications i s  two VZY i n  the  region of 960 KC u t i l i z ing  phase 
locked techniques. The RF car rkr  can be used i n  a one-way mde, from 
sgacecraft t o  Ear th .  However, accurate d o g l e r  can be real ized by u s h a  
the  two-way capability. The system i s  so arranged that commands can be 
t ransni t ted from the Earth as needed. Ve used eleven real time comman2s 
i n  the system and three stored conimands. 

q1 ,e,emetry - i s  d i g i t a l  i n  form. This allows what is  vir t i la l ly  a coz-2letely 
a t a z z e L  'Lta handling systern. 
i n  the ::znds 02 the engineer or sc ien t i s t  within one-half hour a f t e r  trtas- 
mission :mu the spacecraft. X deficiency in  our system, due t o  l i r 2 ~ ~ d  weight, 
i s  the I c ~ r  band w i d t h  available t o  us tha t  >revents the  d i rec t  transmission 
i n  analog Trom sone obviously desirable functions. For example, midcourse 
motor ignit ion and cutoff data uould be of considerable in te res t .  Table I 
l ists the  MarZner 11 engineering telemetry capability. 

If required it i s  possible t o  place tke G s t a  

,:cep f o r  the midcourse maneuver, the  mzchine is  designed t o  be 

The noma1 f'unctions are handled by our  
Icde-tji:*den-k of the command systen. The corn-ands a re  i n  most cases reZundat 
with --ormil. programed Ifunc'iions. 
centrcZ computer and sequencer o r  CC&S. 
conditions such as a meteoritic impac-c perturbing the a t t i tude .  

This includes such normal/abnormal 

Tfie midcourse motor i s  a wcopropellant t D e  using anhydrous hydrazine. 
A systen of regulated high pressure nitrogen supplies a near constant thrust. 
A t  present the system i s  designea f o r  a single operation. 

Tile s c i en t i f i c  instrumen?; pckage i s  grossly divided in to  two areas of 
h t e r e s t .  One i s  the planetary data and t'ne other the interplanetary data. 
-.-;>st of the i3 t eq lane ta ry  data i s  of Lnterest i n  the v i c in i ty  of Yr-2 planet, 
d s o .  Eowever, the microwave and infrared radiometer are  not exercised, 
except i n  a calibrate sequence, other than during planetary encounter. 

r,; - greatest  consumer of power i s  the communications system. Even with 
o m  &oi:-ity t o  detect  signals of the leve l  of lO-l9 w a t t s ,  the  question of 

govern Lot only the weight of 'che spacecraft but a l so  i t s  configuration. 
ener;;r on board the spacecraft and i t s  attendant antenna system primarily I 

Tce spacecraft configxration. must take into account the  105:: or z.&dar 
accessl-2il i ty external t o  the  spacecraft. It i s  unfortunate t?& a device 
t h a t  w i l l  spend i ts  functional l i fe t ime i n  a gravi ty  f ree  and -zlconfir.ed 
envlrsrsent nust be designed t o  withstand the confinement and p m e l i r c  
-2osed by t k e  launch vehicle. 



-- ~'9-c :-ajar competitors for look a x l e  are the  sol= ?anels, the high- 
" cain rs.-;-;cnna, the  sc ien t i f ic  instr'ments, the nidcourse rocke: m t o r ,  and 

L. - res.c; ;z om present dcsri2:- ?hiloso?hy. , .  . miis  "amni" pz---r., LLLrn allows us 
t o  x c e i v e  te lene t ry  pr ior  t o  Z-xituSz mycis i t ion.  
(j:mi-Lirection&L coverage i s  CLI desire 'io be able t o  send c o b ~ d s  t o  the 
s2acecrsft independent of the ~ L ~ ~ i t u 6 . c .  

, 

A'-- biLG PUI-LCILLU - -  - - > 7 n A  n m ? i - c n f ~ n n l .  "&*r- --*--_____ T q p  _.. f i r s t  f o ~ -  Lye the  ob\?ious. yne lzbu is ' 
~ 

I Also par t  of t h i s  

On l k r i z e r  I1 "mi" systen 'ihis conslsted of two antenna systexs, 
one fo r  teleraetl-y and a s e t  0: receiviag antemae, 

i ,  Yh,e solar panels on Mzrini-?r 3 vece 27 ice%* and contained 9,800 s o l z  / y  ' 
cz l l s .  
LLle p x e r  estimates were rno&LE.d a?k r  'ihe design T ~ S  well under way aii 

,alar c e l l s  t o  rad ia t i sn  ra i s& the corxera Y k t  a major solar  f l a r e  cG-& 
seen i n  

Figure 3 was added t o  increase our conTlCence that we would have sufficien-; 
power at  the planet, 
Cacron so 'chat the solar pressxrc would be balanced, 

They were sized t o  scp2ly t i e  ;;owr a minimua of 148 v--kts at k%h. _ _  
I-?,. 

th i s  ,:;:el had been constructed. Lz-ter data on suscept ibi l i ty  02 N ozi P 

degrade perlo-mnce t o  an intolerable level.  Tne additional ti? as 

'. ' 4 
!i 

t\ 
I :  

Tie other panel \?as tLpped with a section of rubberized 

"*,.c. sc i en t i f i c  accaqlLs?smts  0: the  I.Iariner iI: 'rime been extensivsly 
rem: I - ,&&. =, 

pt'o:. ,. 

confzxnce, i w i l l  concentrate on tile e:i$ncering r e su l t s  and r e fe r  tine 
;-eader t o  the zvailabie literz-ccxe for tile s c i en t i f i c  aspects. 

Tifie engineering e s p e t  has receivzd lesser at tent ion by the 
Since t h i s  paTer i s  nxsented -Lo vhzb is  primarily an engineering 

Lzunch of the I k r i n e r  Ei spcecrz.f'i a-Lop zn A t l a s  Agena vehicle took '\; 
,, , 

place on August 27, 1962, 6 h o ~ s  26 ainu5es and 13.927 seconds GdT, 1 g ; , '  
13 ( nost successful planetary sp2cecraf.t Cilght thus far by the United S'izuzs - /  

t he  3redicted manner. Data f r o s  the gyros indicated a tumbling ratk q c q '  

7.7, L ~ V J  - vas satursted aid, therc5xe,  czn only be noted as exceeding 18000 per 

26 minu'i;es and 3.08 seconds later injec",on occurred. This i n i t i a t e d  tke i c y  
(i I 

j V Y \  , ,  

U2on separ;tion all ever-ts recpired vere commanded and ?erforc?.e& b-r- , 

s e p a a t i o n  of plus 6750 per huu i n  _nitch and minus 400° per ho-a? il; roL2. 

hour. Aca_uisi-Lion of -:'ne Sun vas achieved within f ive  minutes a f t e r  the  i ,st . 
CC&S issued the  camand. l I 

I \  

I <I 

, I  
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%rae dir'-i'lculty w a s  experienced i n  a quiring RF 1 

E ~ G X  Sun ace_:- l s i t i o n  the pm2r available exceeded our i n i t  id predic- 
t i o n  ~i5i a surplus of abouz 43 ve t t s .  

X significant abnormality IES noted a t  t'nis time. The indication w a s  
t ha t  t i e  ear th  sensor tem2erature w a s  high by about 30°F. 

Oc the 29th of August the c o m n d  t o  turn on cruise science w a s  sent 
and thz b i t  r a t e  w a s  char.:id frorn 33 t o  8-l/3 b i t s  per second and remained 
ct t h i s  r a t e  f o r  the remainder o? the nission as planned. 

-42 sc ien t i f ic  instruments oper&ed sa-cisfactorily. O f  corsiderable 
intercs-; rras the cal ibrat ion i n  space GL' %he nagnetoriieter. Pr ior  t o  Earth 
acquisi-cion the spacecraft i s  free t o  r o l l .  This allowed an accurate 
rcethod of subtracting the spacecraft pem or  magnetic f i e l d  i n  the X and Y 
axis. 

TLe z t t i tude  control systen a t  t h L s  time was using aboct -025 po~::2s 
C: gas per day. 
r z t e  ;-ose t o  11.2 degrees per mimte by thr? t i a e  of E a r t h  acquisition. 
It i s  believed tha t  th i s  was due t o  Vize naturally smal l  leakage i n  the roll 
vdves. However, it was well wLthin the specification. 

The r o l l  r a t e  irbs a t  1.6 degrees per minute; t%is roi,  

- - z t h  acquisit ion was performed arLo-mtically by CC&S c o m n d  at  abodt 
0530 C;/T on September 3, 1962. 
sg-stem witched t o  the high-gain antenna m e d i a t e l y  instead or' waiting 
u n t i l  -drth acquisition. 3ased upon the r o l l  r a t e  and the time it took 
for ecquisit ion t o  actual ly  o c c u  it &?pears quite probable tha t  the E a r t h  
rds ivaged on the sensor when t u r n  on occurred. 
gsin antenna on, but the  r o l l  rzte w a s  too high and the system overshot the 

the ~LPT'~? the next time around. In  th? meantime, several dozen cardiac cases 
develqed as the signal leve l  from t h e  qacec ra f t  dropped as the antenna beam 
s m g  z iay  fron the E a r t h .  
chaage i n  camplexion of The observers. 

A l l  events were normal except t ha t  the 

This switched the high- 

t .- ;-? 6 G b .  -4- It then ro l led  about at t'ne r a t e  set  by the gyro system and acquired 

You could Lreck the signal l eve l  re turn by the 

-kA &normality w a s  then notea. 'The ear th sensor telemetry indlcated 8 
It was suspected tha t  thG - .  

-A - i k t  i z e n s i t y  much lower Ykan Sredicted. 
secso'r ?Ai lccked onto the Koon. Horrever, the antenna hinge a q l e  ini icztzd 
?;-ope,-j. f o r  tfie Z-%h-?ro5?-S&c ariilz. 
our Spzce Flight Operations : 

3 m s  the dilsmi wzs przsent& TO 

1. Vas the ;ensor locked orico the Moon thereby givl:g us ,i 
incorrect i n i t i a l  condi-Lion fo r  the midcourse maneuver? 



2. Was the earth sensor bad? 

3.  Was the telemetry incorrect? 

4. t?as tne anterma hinge angle sensor stuck? 

Because of t'nis dilemms zhe niticourse maneuver w a s  delayed one day. 
O n  the  nex5 b y  by o3serving t h e  n o m 1  perfomance of the high-gain 
antelzia aid the Ibon-Probe-Sun angle it vas agreed tha t  the ear th  lock 
w a s  correct and thi;t an abnormality existed i n  the ear th  secsor. 

02 Septcz3er 4, 1962, the spacecraft midcou-;e maneuver vas comadea  
t o  cori-ect The 400,000 Ian plaxetary m i s s .  The s p c e c r a f t  vas commanded 
t o  roll 9-33 degrees and then ?itch 139.85 degrees and then t o  inser t  a 
veloci ty  of 31.16 neters  per second. 
sent. 
thec the  Earth. 
premturely.  

At 3:49 P.M. the execute c o m n d  was  

Again the high-gain antenna w a s  automatically switched 
The sequence then proceeded as expected; reacquired the Sun and 

'?e midcourse perfomince 'i.~as high i n  velocity by Ebout 4.5 per cent 
wit'r, &out a 3 degree po in t iG  error .  
as i l l u s t r a t e d  i n  Figure 4. 

The correction was quite sat isfactory 

- _  'inere w a s  heax t ransient  greater than predicted and t k  bzt tery case 
hezted t o  i t s  maxinm up;3er l i m i t  02 120OF. 
openzd t o  t h e i r  riaximu?i. 
vas not required f o r  the manewer. 

The thermal control louvers 
It i s  cer ta inly fortunate a longer burn time 

C n  September 8, 1962 at about 1250 GilE, there wzs a monentary l o s s  of 
SUI.  
quickly recovered and proceeded i n  i t s  normal cruise mode. 

This i s  believed due t o  a small meteoritic i rqact .  T'ne spacec--aft 

Kormal except for the very unhappy ear th  sensor s i tuat ion.  Based upon 
the t e l a e t r y  data it w a s  predicted that  earth lock would be l o s t  betwezn 
the  10th and 15th of October. 

-3 emergeccy plan of zction w a s  evolved t h a t  might have salvaged the 
Iciss ion. 

X say'might have,' because on September 29, 1962 what m i g h t  Pave been 
a t z - 3  ,,,oritic inpact occurred. The spacecraft i n i t i a t e d  i t s  1-ecovery 
sec2dsmy and when the cosmic dust had cleared the ear th  seeker intens-cy 
t e l a e t r y  indicated the proper value. (Figure 6) 

i 's LFJ housewife knows a few bangs w i l l  make any electronic Cevice 
r a rk  p r o p r l y  . 



Cn 32ceAer 9 we l o s t  four te lenetry neasurexents. These were The . .  hi,.?-_ l___ ante:.za hinge posiLicn, the nidcourse notor propellznt t& : 
prLuuL-ey L e  =idcourse motor ?ressurc, and the attLtude c o ~ t r o l  r-l ,-cgen 
pr c. ; r.-- z 

Y-~LCOL-L~ rm-kcr data did not disturb us since the maneuver had already 
beer. :x-LL 
reseryv', s.-iYlcier.t for 100 days. 

L . I ~ S  w a s  diagnosed as a 3lo.im fuse i n  our Czta encoder. ":le 

_ _  The a t t i t ude  gas supDly at last  measurei;zent indicated 2 

C._- --c3er3el- 12, jus t  two days 3 3 o r  t o  encounter, -Lkc i znmai  c o q u t e r  
a 2  . .~que; . s~r  ;',illed t o  issue zhe l 5 5 ~ h  and a l l  followii: cyclic ;&Lses. 
The CC-S vsrs desigaed, among other , x ~ c t i o n s  t o  provide a timing pulse o r  
cyc2.c update every 1000 minubes t o  t h e  a t t i t ude  control subsystem t o  
qC..te "ne antema reference kir,ge anGle. 
hi@.-Zsin antenra i f  the eai-i:, sensor should lose lock. 

This reference i s  used by the 

Or Decezber 14 the CCECS Tias a lso  ?rog:-amed t o  switch 02 ;he z.counter 
sequence tvelve Lours pr ior  t o  encomter i n  order t o  allow suff ic ient  time 
Tor czLZxat5oz of the- planetary scier.'iiEc instrrr.;ents . This event did 
Lot occur and w a s  ZGtributed t o  the s m e  f a i lu re  noted two &ys ea r l i e r .  

Borzwarned, the backup command vas ready and trans.iitte2. The q a c e -  
c ra f t  ;-,;paced properly. 
p i a c e t a y  experircents, micromve radiometer, and infrared radiozeter were 
t u r x L  on. 

Engineering telemetry was turned ~3 and the 

L-+ s c a  prformed well. The pat tern achieved i s  shown i n  Figure 5 .  

2.e  s s c e c r c f t  signal wzs received an t i1  January 3, 1963. A t  0512 GMT 
the  s - h a r r i e r  data was iost. 
nission was considered as te-mirated. 

A t  Or(OO GLT zhe car r ie r  was l o s t  and tne 

-- -t I s  our be l ie f  thaz the earth seeker sens i t iv i ty  was t ZeeC- L:-2 
Tais vas -LinzG----d ,:le m o s  turneL on i n  a valn zzteinpt t o  reacquire. 

-dn-~il. the gas sup~ly wzs depieted. TIe Mariner I1 i s  now e. szace dercr ic t .  

-::e core i c te res t ing  engineerlrg r e su l t s  a r e  preseatec by subsys-z-s.. 



--e prjmary purpose G; a Z ~ X ~ C X - ~ C L  s?;ruciure  is t o  sq:~rt z l l  
I n  addition, the  spacecr2z  ;~.;;yst;.-:s i:~ an op t ima  configuration. 

s z x c t u r e  zus t  be designed LO 3 3  cmyatible  and function properly 
with the booster. 9 i s  includes separation, shroud clearance, and 
enviroxaent sarvival.  

The configcrrtion apgsars i o  have been adequate. The ssczecrzft 
over-all  2 e r f o m x e  seem to indicate no s t ruc tu ra l  failures. 

B. FL-:?eracL.:*e Comrol  

Pr ior  t o  launch the enviroment w a s  maintained wlchin the  shrozd 
a t  7Ooi?. 
L A U c r  Lunch the temperatures dropped slowly. 
l a r c h  the tmperatures  had s tab i l ized  within the  hexagonal ins-mmieAt 
c;.:qzr-cnent t o  an average o f  8boF. 

Tize s;acecraft tcrnTercture a t  launch was 10g°F. Tvo hours 
Eight ho-rs after 

Teqere tures  remainec essent ia l ly  constant frorrr t h i s  L ~ L Z  u n t i l  
:1Sco>;;e rmneuver. Xu zhis t k e ,  due t o  increased i c t e rna l  power, - s i g n i f i c ~ n t  heat inpat ?-om tk.e propulsion sj‘sruem, 2nd L loss of 

SL, or ientat ion zequired by the  rxmeuver, the  spacecrsft  hex cxperienced. 

t w e z  r e t u n e d  TO -Gheir pre-midcourse rraneuver values. 

Lotor nitro,sn tank zn& 72’F 02 The upper t h e m a l  shield.  

X G F  .z.v,---sge r i s e .  Wizhfn ten  hours a f t e r  the  maneuver, the  semgera- 
The ~ x i m u s  

- 2  _ - -  Lfii~a t;-.,eratures measured during the maneuver were l 3 O O F  on the  

r 2  LLqe:’,,;?:-e Then incxased  s teadi ly  u n t i l  October 31 17:2en the  
sc lmce  id-;::-L-c;%ts were CGXXIBILX off  t o  accommodate the  solar p m e l  
2A-oblem. C,,.;?ratures bo2ped about 5 O F  when the  power dissipazed i n  
t ‘ ~ e  cG..+z?trcenL decreased by 12.5 watts. 

a-i’ter cruise, science was react ivatec en6 tke t e q e r a -  
Lures rose t o  t h e i r  previous values. 

Temy;c ,tures vere not telemezered during the  C-:-comter Eode, but 

Both t’ke 
c L,..?erzzures ,,2Sured before and a f t e r  encounier were cc;-,-red t o  
c,;erA:ine t:e thermal irXluence of Venus on the  spcec rz fz .  
’c--;tery afi< 
?.-;Le was ras-L:ed. Both of thes,. assemblies face5 Vexs  Lcrizg ez:ouzter, 
*-~z p r t  of the  temperature r ise resul ted from i x r s - s e a  iiizernr-- ,a:zr. 

power asse.nbly i rdicated a 2OF :lse i h n  zhe cruise 



- i L A d  yobzble  sources of error  a re  as l0l loVs:  

.. 

.:12 fac t  thz t  .;he t c q e r z t u r e  r i s e  between Earth zcd 
b L w s  was subswd-icirlly higher than expected, - -  s- ._~;ests  
-ix-; excessive solar :~puts  were p : . = . ~ l ~ l l : r  to t_;ine. 
~ e s ,  inputs could have been caused -iy o..e <,-* 211 o l  
zh-ree of the following: (1) The e n e q g  reil,:ted L.o-2 
-;Le various szructural mrnbers was greater ZLLI ant ic i -  
7;:%td, (2) conduc-cioz from s t ruc tura l  nziberc. -,,Ls grez-- .,: 
tlian eqec ted ,  and ( 3 )  &Gradation of the -..A -;e paint -zil 
u>;x ?;hemal shield because of  u l t rav lo le t  ;-.radiz-cics 
ray have caused an iccrease of sc la r  zbsor-aakility. 

T 

ni 

(c) Y L ~  a l s s i v i t y  my h v e  been lowerei by containzition c,' 
the surface. 

I 

-:: ge2erS.l $he design w a s  adequate. 

T:?? louvers r;erfomed well, decreasing the averzge compartnent 
exc-;;-s;ion by lP-150F.  

C.  C ? : : t ~ i l .  Co-muter and Secuencer : 

Coqutation for the  sxbsyszerns issuance of co?i??w-Cs, and ?;h basic  
tixiq is sx22,lied by t'ne CC&S. 

Its -perfc:-nce h r i r l g  lzmch end i n i t i a l  cruiL2 7.' 2 I ' l ~ ~ l e s s .  The 
- - 2 c o ~ s e  d3L S y  
YC'C a l l  o l  the  pulses f r o e n  the digi-cal accelerometer be2-2 CC-~-..,,P 2 s  it 
rczsured the  velocity increment inparted by the midcourse r0cze-G ,.ator. 

2euve: i z d  e:! error  that  night possibly LL. - see2 

5 e r e  was an error  i n  the CC&S frequency tha t  i s  coxel&te& TO the  
c'r-snge i n  xeqerz ture  . 

-9s ??as soten, peviously The cyclic f a i l ed  two days  lor XI encomtei-. 
2.e fz i lure  ap2ezred t o  be i n  the frequency counter chL;--- and TILS probably 
k-.? t o  tke hiu:* texperatures. 



Tor*- _ _  ~ ~ r ~ - , - x e  of the posrer sys-ces TIES goo2 except f o r  tilose events 
__  __. - - +cviously m t e d  vhere the -clilures can possibly Le correlsted wit'n 
sGze exrterxl  icfluence . 

r.:-, A--e attach-e6 Fibwe 7 shows the &rain upon the k..;-Ge: - as 2 

~ k ? c t i c : i  o f  t a e .  Sine? -:he batta-y provides power when -i?e p x l  
c-::,ic~+:y i s  exceeded, 2% clearl., snows thc.t it vas not c-.lled uoon 
fc:- )_,._ ... ,-.,art - 2f t e r  the event of Septe::?Ier 8. 
--.d-Li.-L-;-c t o  tk spaceera:: duric, iincounter znd the actual  lozi. 
i--e E r g i n  of safety was qulte edecgate even i f  one assumes a 20 per cent 
L.;jraLtion due t o  solar  proton ac t iv i ty .  

Figure 8 shows the -,mer 
. -  . . 

c - - .  

%e IZu?ction of the I k - i n e r  I1 Tnizcourse propdsion s ~ 5 s y s : ~  i s  
t o  : C x e  the dispersio-1 a: injec'iios due t o  the l a u x h  vehicle. 

2?rior t o  the ;-equ<red mneuver, the Dropellrnt ta& rressure T 21- - 
x-ZzeC ._ r i s ing  ckaracter is t ic  vhich had been noted pz-. 1- t o  lexL--. 

- -  - +cli ..=- &- 

Y-L; resL-xc2 Ln a non-stacdard start transient.  
I:L-~ ~e~llz~;, a resul?; ~f t h i s  t ransient .  

r;: : -;, .;znz t o  have been &e t o  hydrazine decoqositio:. resultiii; f r c a  
Ai-cg with the e+ulsion bladder contain274 the propell---t. 

I However, no difficulties 

?ai- the -:iCcourse manxver a velocity i n c r r x n t  02 31.16 metcrs 

-_ +LIZ~ ,.- t h i s  i s  z predicted burn -cLm of 28.3 seconds (thSs includes 
-_ 
-Ju- sccc-:;~ T:;S reqcired and commxxied. 

skc--ti;;g sepence)  . 
+ ekictioc. 

With a spacecraf't 02 447.67 

The doppler s h i f t  data roughly ver i f ied  tinis --- 

-:: e s t k  ';e of the veLocity increinent based upon nitrogen end 

tL--dietTy data, a velocity i n c r a e n t  of 37.5 meters per second wzs 
c,.lz-.hted. 
G: - 2 3  ~ c r ~ p ~ t z t i o n  and does not neccssarily indicate a,n erro:: i n  the 
L...~cxticn of ' Le  maneuver. 

- -  - - J- e--,- L.---.--~ tes-; pressures cna tez2erzxures w a s  calcuhted.  €LS& q o n  - -  
, -  . -.. 

T L i s  20 per cent  d i scrqancy  is w e l l  within the accuracy 
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